We present ten metallicity measurements for quasar absorbers near z = 1.2 that were selected for having unusually significant Zn ii absorption in their SDSS spectra. Followup UV space spectroscopy of the Lyα region shows that all ten have damped Lyα (DLA) absorption, corresponding to neutral hydrogen column densities in the range 2.4×10 20 ≤ N(H i) ≤ 2.5×10 21 atoms cm −2 , and indicating that the gas is very optically thick and essentially neutral. The sample is a very small subset of systems compiled by searching the University of Pittsburgh catalog of ≈ 30, 000 intervening Mg ii absorption line systems in SDSS quasar spectra up to DR7. We started by isolating ≈ 3, 000 that had strong Mg ii absorption in the redshift interval 1.0 < z < 1.5 in brighter background quasars. Of these, 36 exhibited significant absorption near Zn ii. Space UV spectroscopy was then obtained for nine of these (25% of the total), and a tenth system in a fainter quasar was found in the HST archives. The result is a representative sample of the highest Zn + columns of gas within the DLA population. These Zn iiselected systems define the upper envelope of DLA metallicities near z = 1.2. 
more metal-enriched with increasing cosmic time, forming molecular gas and then stars as it cycles through galaxies, and this qualitative expectation has been confirmed (e.g. see Quiret et al. 2016 , and references therein). However, we do not yet know how metal-enriched DLAs can become. This study investigates the upper limit of metal abundance in DLAs at z ≈ 1.2. Our aim is to identify and study absorption-line systems for which unusually significant Zn ii is detectable among the large number of available moderateresolution Sloan Digital Sky Survey (SDSS) optical quasar spectra. Using the volatile element Zn, we can identify the highest columns of metals in the Universe and explore their environments, including their associated neutral hydrogen column densities, and the degree to which some refractory elements are depleted onto grains. These systems can reveal important information about the upper envelope of the N(HI) versus metallicity relation, which otherwise has an intrinsic spread greater than two orders of magnitude (Quiret et al 2016) .
As shown by Rao & Turnshek (2000) and Rao, Turnshek & Nestor (2006) , DLAs at redshifts z < 1.6 are a subset of strong Mg ii absorption systems, which are easily identified in Sloan Digital Sky Survey (SDSS) quasar spectra . We assume that Zn ii systems detectable in SDSS spectra must be a subset of strong Mg ii systems, and this assumption is confirmed by the results of our analysis. However, UV space spectroscopy is needed to determine if a particular system at these redshifts has a large-enough N(H i) value to be classified as a neutral-gas DLA system. Spectroscopy of unsaturated absorption (e.g. Zn iiλλ2026, 2062) 1 , combined with a measurement of N(H i), then allows metallicities to be determined.
Thus, in this contribution we report on a search for Zn ii absorption in the spectra of reasonably bright SDSS quasars, followed by UV space spectroscopy of Lyα to measure N(H i) values and hence metallicities. We observed Lyα for nine systems with 1.0 < ∼ z < ∼ 1.4, which is 25% of the Zn ii sample identified in our search of SDSS spectra. We also found a tenth and similar Zn ii system with an HST archival spectrum in a fainter SDSS quasar. Given the likely range of metallicities, we reasoned that these Zn ii-selected systems might fall in the DLA regime, and this turned out to be the case. These ten systems represent a good sample for future follow-up, and we use them here to explore the upper envelope of the distribution of neutral-gas-phase metallicities, and corresponding metal depletion measures, as a function of N(H i) near redshift z = 1.2.
In Section 2 we define the sample and in Section 3 we present the observations and measurements. The analysis and results are given in Section 4, and in Section 5 we briefly consider the potential of expanding the sample. A discussion and conclusions are presented in Section 6.
SAMPLE
We initially considered a sample of nearly 30,000 SDSS quasar Mg iiλλ2796, 2803 absorbers, with the aim of identifying a subset for which we could obtain UV spectroscopy of Lyα. These were the Mg ii absorbers in the University of Pittsburgh catalog of Quider et al. (2011) , which originally covered up to DR4 (≈ 16, 600 systems), and was later augmented with additional systems up to DR7 (≈ 13, 000 systems). We then isolated those with 1.0 ≤ z abs ≤ 1.5, SDSS g fiber magnitude < 19.1, 2 and Mg iiλ2796 rest equivalent width (REW) W λ2796 0 ≥ 0.5Å. Strong, redshifted Zn iiλλ2026, 2062 absorption would be visible in SDSS spectra within these criteria, 3 would be bright enough to make them amenable to space UV spectroscopy near Lyα absorption with a reasonably short integration time, and would have redshifts allowing follow-up galaxy identification studies. As shown by Rao et al. (2006) , the requirement that W λ2796 0 ≥ 0.5Å would find all DLAs with N(H i) ≥ 2 × 10 20 atoms cm −2 as well as a subset of subDLAs with 2 × 10 20 > N(H i) ≥ 1 × 10 19 atoms cm −2 ; such systems are empirically known to contain a sufficient amount of neutral gas, making them favorable for the existence of Zn + . These steps left us with ≈ 3000 Mg ii systems to search for absorption at the predicted locations of Zn ii.
The final criterion for our sample required absorption features near rest wavelengths of λ2026 and λ2062. The λ2026 feature is a blend due to Zn ii and much weaker Cr ii and Mg i. The λ2062 feature is a blend due to Zn ii and weaker Cr ii. We required λ2026 and λ2062 to be individually present at levels of significance > 2.5σ, plus together have an effective significance of > 4σ, where σ 2
. This yielded 36 Zn ii-selected systems, and we obtained space UV spectroscopy of nine of them (25%) near the predicted position of their Lyα absorption to measure N(H i). A tenth system in a fainter quasar (1017+5356, PI:Becker) found in the HST archives 4 rounds out the sample. A histogram of the 36 Zn ii-selected systems, and the nine for which we obtained space UV spectroscopy of Lyα, is shown in Figure 1 .
OBSERVATIONS AND MEASUREMENTS
The Journal of Observations for the ten Zn ii-selected systems with space UV spectroscopy is presented in Table 1 . In addition to the SDSS coordinates, MJD-plate-fiber IDs, and g fiber magnitudes of the quasars, Table 1 includes z em and z abs of the systems in our sample. The dates and spectral elements of space UV spectroscopy, including the signal-tonoise ratio per resolution element in the region of the Lyα line, are also given. Nine observations were made with HST STIS-G230L (R ≈ 850), and one was made with GALEX NUV (R ≈ 117). The GALEX observation was previously published in Monier et al. (2009) .
Metal Lines
As explained in Section 2, these quasars were selected on the basis of strong Zn ii absorption. The other available metal lines in the SDSS spectra were also measured (see below) to study the properties of the ten systems for which we have UV spectroscopy. For each system, Table 2 presents the rest wavelengths, oscillator strengths (Morton 2003) , and rest equivalent widths of the metal lines measured in the SDSS spectrum. 5 We start by drawing attention to the result that the ten Zn ii systems have 1.8 < ∼ W λ2796 0 < ∼ 3.0Å, which is significantly isolated to higher values than our sample search criteria of W λ2796 0 > 0.5Å. The total sample of 36 Zn ii systems has 0.8 < ∼ W λ2796 0 < ∼ 4.1Å. Thus, the Mg iiλ2796 properties of the 5 The more recent Zn ii oscillator strengths of Kisielius et al. (2015) are slightly higher than those of Morton (2003) generally confirm our assumption that Zn ii systems detectable in SDSS spectra are a subset of strong Mg ii systems, and that they may be a subset of the strongest Mg ii systems.
To make the measurements presented in Table 2 , the SDSS spectra were normalized by continuum fits in the standard way (e.g. Quider et al. 2011) . The results are shown for the visible Si ii, Zn ii, Cr ii, Mn ii, and some Fe ii transitions in the absorber rest-frame in the middle two and right panels of Figure 2 . The REWs of these lines and others were measured by fitting Gaussians to the absorption features. The only problematic aspect is that some absorption features are blends at the SDSS resolution. Notably, Zn iiλ2026 (with oscillator strength f = 0.501) blends with Mg iλ2026 ( f = 0.113) and Cr iiλ2026 ( f = 0.001), although the Mg i contribution is minimal and the Cr ii contribution is generally insignificant. The Mg iλ2026 contribution can be estimated and removed since we know the strength of Mg iλ2852 ( f = 1.830). Also, Zn iiλ2062 ( f = 0.246) is blended with Cr iiλ2062 ( f = 0.076), whereas Cr ii lies alone at λ2056 ( f = 0.103) and λ2066 ( f = 0.051). By taking advantage of the fact that these weak lines lie on the linear part of the curve of growth, and using the Cr ii equivalent widths and the oscillator strength ratios, we are able to infer the Zn ii contribution in the blends as described in Nestor et al. (2003) .
Lyα Absorption Lines
The aim of the UV spectroscopy (Table 1) for each Zn ii system was simply to measure the Lyα absorption line to derive (or place upper limits on) its neutral hydrogen column density, N(H i). Each spectrum was measured by first extrapolating the continuum across Lyα absorption, fitting a local continuum, normalizing the spectrum, and then fitting the Lyα with a Voigt profile convolved with the instrumental resolution. All of the Voigt profiles showed damping wings, allowing us to derive reliable N(H i) values from the fits. Errors on the N(H i) values were estimated by renormalizing the continuua by 1 ± σ, where σ is the spectrum error array, and re-fitting the Voigt profiles. The resulting rest-frame, normalized spectra for the systems near Lyα absorption are shown in the leftmost panels of Figure  2 . The log [N(H i)/cm −2 ] values and derived errors are pre- 
Ancillary Keck Spectroscopy
A search of the Keck Observatory Archive (KOA) revealed that two of the ten objects in our sample, 0203−0910 and 0953+6351, also have Keck HIRES spectroscopy. Portions of their Keck spectra are shown in Figures 3 and 4 . We discuss these spectra in Section 4. Table 2 . Other metal lines in these systems can be readily viewed on the SDSS website. For all spectra, the red dashed line shows the fitted continuum and the lower blue dashed line shows the 1σ error array. The HST-STIS UV spectra have been binned by three pixels for presentation. The best-fit DLA profile is shown superimposed in red on the Lyα line, and the corresponding value of log [N(H i)/cm −2 ] is noted above the fit. For the metal lines, the optical SDSS spectra have been smoothed by two pixels and a green, vertical dashed line is shown at the expected locations of the metal lines.
ANALYSIS AND RESULTS
The REWs of transitions due to Zn ii, Cr ii, Si ii, Mn ii, and some Fe ii lines (Table 2 ) are weak and lie on the linear part of the curve of growth. They can be converted into column densities using appropriate weighting when multiple transitions are observed. These column densities for our Zn ii-selected sample of DLAs are reported in Table 3 .
When DLA metallicity results are reported in the literature, the usual assumption is that most of the metals are in the singly ionized state, and therefore significant ionization corrections are not required (e.g. Vladilo et al. 2001 ; Figure 2 -continued HST and SDSS data for the second set of five systems. -Zavadsky et al. 2003) . This has proven to be a good assumption since the hydrogen is nearly completely neutral, and any corrections would generally be below the measurement error. Another often-made assumption is that Zn is not significantly depleted onto dust grains. This assumption is reliable at the lowest metallicities but is less reliable at high values. It is reported that Zn depletion is ≈ 0.1 − 0.2 dex in most DLAs, but can be up to 0.5 dex for metal-rich DLAs (De Cia et al. 2018 ). However, we will not attempt to estimate and correct for any Zn depletion, keeping consistent with the way results have been reported in the literature. Thus, the assumption that Zn is not depleted may lead to an underestimate of the true Zn metallicity, especially at the highest metallicities.
Dessauges
Our metallicity results are given in Table 4 in the standard way relative to solar values from Asplund et al. (2009) Table 4 also includes [Cr/Zn], which is a measure of depletion commonly reported in moderate-to high-redshift DLAs (e.g., Pettini et al. 1990 Pettini et al. , 1994 . In Section 3.3 we noted the existence of Keck HIRES observations for two of our systems, shown in Figures 3 and  4 . Figure 3 shows the spectrum of 0203−0910 obtained during a 60 minute exposure in 2006 (PI: Prochaska, unpublished). In these higher-resolution data (R = 36, 000), the λ2062 blend is resolved into its Zn ii and Cr ii components. In addition, the data appear to show some velocity structure: relative to the most prominent component, a weaker component of Zn iiλ2026 may be present at higher velocity, separated by ≈ +60 km s −1 . We assumed two components to the system and fit the Cr and Zn absorption lines and blends with Voigt profiles to obtain rest equivalent widths. The equivalent width measurements of these features generally confirmed -to within 1σ -the SDSS results reported in Table 2 Table 4 . Figure 4 presents the Keck spectrum of 0953+6351 obtained during a 45 minute exposure in 2006 (PI: Prochaska, unpublished). The λ2062 blend is again resolved into its Zn ii and Cr ii components. This higher-resolution spectrum (R = 36, 000) shows the system comprises a prominent component and at least one weaker component, separated from the stronger one by ≈ −30 km s −1 . We assumed two components and fit Voigt profiles to the Cr and Zn absorption lines and blends. The combined rest equivalent widths of the Zn ii and Cr ii lines are within 1σ of the values determined from the SDSS spectrum (Table 2) Table 4 .
The SDSS spectroscopy shows that the Zn abundances of the systems in 1353+0333, 0831+3565, 1204+0338 and 1017+5356 are ≈ 224%, 129%, 120% and 95% of solar, placing these systems among the highest metallicity DLAs yet discovered near z = 1.2. Within our Zn ii-selected sample, these same four systems also Figure 7 , and linear fits are also shown for each data set. The error bars reported in Table 4 are not shown in Figure 7 to make it easier to see trends.
The elements Zn, Fe, and Cr are often assumed to track the Fe-peak elements and to have a common origin. Zn itself is not an Fe-peak element but it is produced by the same type of nucleosynthetic processes (nuclear statistical equilibrium) that produce normal Fe-peak elements, so it is often Figure 3 . The Zn ii and Cr ii region of a KOA HIRES spectrum of 0203−0910, smoothed over three pixels. The arrows label the most prominent absorptions due to Zn iiλ2026, Cr iiλ2056, Cr iiλ2062, Zn iiλ2062, and Cr iiλ2066. The wavelength locations of the very weak transitions due to Cr iiλ2026 and Mg iλ2026, which could blend with Zn iiλ2026, are not labeled and do not appear to be significant. Measurements of the equivalent widths of these features generally confirm the results of SDSS spectral measurements presented in Table 2 (see Section 4). Note that the features at the observed wavelengths of ≈ 4110Å and ≈ 4126Å are Al iiiλ1854 and Al iiλ1852 from another absorption system at z a b s = 1.217 previously reported in Monier et al. (2009) . Figure 4 . The Zn ii and Cr ii region of a KOA HIRES spectrum of 0953+6351, smoothed over three pixels. The arrows label the most prominent absorptions due to Zn iiλ2026, Cr iiλ2056, Cr iiλ2062, Zn iiλ2062, and Cr iiλ2066. The wavelength locations of the very weak transitions due to Cr iiλ2026 and Mg iλ2026 are not labeled, but Mg iλ2026 may be present at 4536.5Å, just to the right of the arrow, with a rest equivalent width of 0.02Å. Measurements of the equivalent widths of these features generally confirm the results of SDSS spectral measurements presented in Table 2 (see Section 4).
argued that it should generally track them. Therefore, since results indicate that Zn suffers little depletion in DLA absorbers, past investigators have often argued that it is useful to compare its metallicity to Fe-peak elements. At the same time, Skúladóttir et al. (2018, and references therein) have recently emphasized that although Zn primarily tracks Fepeak elements in the Milky Way disk and halo stars, it is not clear that Zn can be used for this purpose in other environments (e.g. in the Milky Way bulge and satellite dwarfs).
As shown in Figures 5 and 7 Sobeck et al. 2006) . The trend we see suggests that the origin of the Mn production is core collapse 6 supernovae prior to the time when SN1a are more frequent (Prantzos 2005 , and references therein); i.e., an increase in [Mn/Fe] is expected with increasing metallicity, which is consistent with our measurements. For comparison, the work discussed by Savage & Sembach (1996) Cooke et al. 2011 , and references therein). None of our Zn iiselected systems display enhanced Si. Thus, none of the gas in these Zn ii-selected systems appears to be in the earliest stages of chemical evolution. This is consistent with the result that our Zn ii-selected sample is more chemically evolved with +0.4 < ∼ [Zn/H] < ∼ − 0.9.
POTENTIAL OF EXPANDING THE SEARCH OF SDSS QUASARS TO FIND ADDITIONAL DETECTABLE Zn ii SYSTEMS
As explained in Section 2, of the ≈ 30, 000 SDSS quasar Mg ii absorption systems we started with, after we applied our magnitude and absorption redshift cuts, we ended up with a set of ≈ 3000 to search for strong Zn ii. The cuts were motivated by the practical goal of obtaining a sample that could be observed with HST to determine N(H i) in a reasonable number of orbits. However, it is clear that by expanding the sample using a fainter magnitude cut and a broader redshift range, additional interesting objects would be found. The tenth Zn ii system in a fainter SDSS quasar, which was added to our sample because it had HST archival spectroscopy, is one such example. A more interesting example is the spectrum of SDSS J0831+2138 shown in Figure 8 . (Table 4) .
It has a g fiber magnitude of 20.1, so it was 1.0 magnitude too faint to be included in our sample (Section 2). There is a clear indication of the 2175Å dust absorption feature in its spectrum. However, a discussion of such systems is beyond the limited scope of this paper.
DISCUSSION AND CONCLUSIONS
The methodology used in this study enabled us to sort through and efficiently identify a sample of DLAs with the highest Zn + columns of gas in the redshift interval 1 < z < Table 4 ). The error bars reported in Table 4 have been removed to improve clarity. Figure 8 . Observed frame spectrum of SDSS J0831+2138 (z e m = 1.284). This met our criterion for strong Zn ii (z a b s = 1.1305), but was too faint to be included in our Zn ii-selected sample (Section 2). The Zn iiλλ2026, 2062 absorption features are indicated by the two bottom arrows on the lower left; an expanded view is shown in the lower right inset. The Mg ii absorption doublet near 6000Å is labeled with an arrow on the top right. Shortward of the Mg ii broad emission line the f λ continuum begins to drop due to 2175 A dust absorption.
1.5. We searched for Zn iiλλ2026, 2062 in ≈ 3000 relatively bright quasars with known strong Mg ii absorbers, and found that 36 (1.2%) of them exhibited strong Zn ii absorption. UV space spectroscopy of nine of these (25%), plus one in a fainter quasar with HST UV spectroscopy, then allowed us to measure N(H i) values and to establish that they were DLAs. These Zn ii-selected systems have column densities which lie in a relatively narrow range, 13.08 < ∼ N(Zn + ) < ∼ 13.31, which corresponds to a factor of ≈ 1.7. This narrow range evidently reveals a value for the typical maximum chemical enrichment into neutral gas regions that represent the DLAs. The ten systems studied here only span an N(H i) range of about a factor of ten ( 3) suggest that enrichment happened primarily from core collapse supernovae. And while our results trace the upper envelope of the metallicity distribution of DLAs as a function of N(H i), DLAs found in other surveys can fall more than two orders of magnitude below this envelope at lower metallicity; i.e., most DLAs are much more metal-poor at a given N(H i). In this context, it is interesting that the systems presented here have metallicities that match the most metal-rich components of halo field stars and globular clusters in external galaxies. For example, Lamers et al. (2017 , and references therein, especially Beasley et al. 2008 and Ibata et al. 2014 ) discuss these metallicity distributions. Their work indicates that the halos can possess both metal-poor and metal-rich components; the metal-rich component has a tail that generally reaches metallicities as high as the DLAs that trace the upper envelope of the metallicity distribution.
A halo origin for the gas is supported by the relatively large impact parameters found by Rao et al. (2011) for galaxies associated with DLAs at 0.1 < z < 1.1.
Greater depletion measures are generally seen when neutral gas is denser (e.g. Savage & Bohlin 1979; Spitzer 1985; Jenkins et al. 1986 , and references therein). 7 In addition, as dictated by dust condensation temperatures, cooler gas has higher depletion measures than warmer gas (e.g., Savage & Sembach 1996 , see their figure 6). Thus, our more highly depleted systems, with [Cr/Zn]≈-1, [Zn/H]≈0, and lower N(H i) (Figures 5 and 6 ), would represent denser and/or cooler gas, while at the other extreme, the systems with [Cr/Zn]≈ −0.5, [Zn/H]≈ −1, and higher N(H i) would represent less dense and/or warmer gas. (See also the different slopes of the fits in Figure 7 .) Our overall depletion measures are broadly consistent with metal-enriched gas residing in halos, with some warm disk gas mixed in at the highest metallicities. These trends may be related to the characteristics of the DLA host galaxy environment.
Given these trends, our findings should be considered in the context of work which has suggested that DLAs obey a mass-metallicity relation (e.g., Krogager et al. 2017) , where higher-N(H i) DLAs are preferentially associated with galaxies that have lower mass-luminosity and lower metallicity. Relative to this model, our findings suggest that a followup DLA galaxy identification study of our sample should reveal a positive correlation between metallicity and galaxy luminosity and a negative correlation between N(H i) and galaxy luminosity. Since our sample selection method nicely defines the upper envelope to the negative correlation between metallicity and N(H i) (Figure 5 ), any correlations found with galaxy luminosity might also be well-defined.
Based on this study, the following conclusions can be reached:
(1) This sample of DLAs is biased by our Zn ii-selection method. Since they are not randomly selected, care should be taken when using them with other samples to draw conclusions. For example, when dealing with Mg ii-selected samples of DLAs, appropriate care must be taken to infer results on their incidence and cosmic mass density (Rao et al. 2017) and mean metallicity (Rao, Turnshek & Monier 2018) .
(2) At the same time, more detailed follow-up spectroscopic and imaging studies of this sample can reveal important information about the nature of the most metalenriched DLAs and DLA galaxies at 1 < z < 1.5.
(3) The equation which establishes the upper envelope for DLA metallicity at 1 < z < 1.5 as a function of N(H i) is [Zn/H] = 1.1{21.0 − log[N(H i)/cm −2 ]} − 0.4. Since Zn might be depleted by one or two tenths of a dex, interpretation of this relationship may require some upward adjustment, especially at high metallicity.
(4) The measured transitions of other singly ionized refractory elements (Si, Cr, Fe, Mn) provide information on the levels of depletion and the extent to which the gas is chemically evolved.
(5) Taken together, the metallicity and depletion measurements of the gas suggest that it resides in halos, consistent with halo-sized impact parameters for DLAs found by Rao et al. (2011) .
